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Abstract 
The equilibrium lattice parameters, bulk modulus, shear modulus and elastic constant of IrxNby was 
calculated by ad initio plane-wave pseudopotential density functional theory and agreement between 
experimental and calculated values is good. According to the results and the experimental criterion raised 
by Pugh, It was significantly improved the ductility of IrxNby with the increasing of Nb. The results of 
enthalpy of formation and binding energy show that the structure of IrxNby is stable. 
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1. Introduction 
Aerospace industry and high-temperature alloy materials have always been inextricably linkedˈand the 
proportion of high-temperature alloy consumption up to 50% in advanced aircraft engines. Ni-based super 
alloy is an excellent high-temperature material, but the melting point of it is only 1373K, so it is necessary 
to examine other alloy systems. Platinum group metals (PGM) and it is intermetallics may be a candidate 
for the next generation of high-temperature alloys. Their melting point can reach to about 2273K. In recent 
years, iridium in platinum group metals (PGMs) [1] has attracted increasing attention and has been 
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considered for ultrahigh-temperature applications both as an alloying and a matrix element because of its 
high melting point and excellent resistance to oxidation [2]. 
The melting point of Iridium is 2443ć. On the other hand, it¶s the highest melting point of the precious 
metal, and it is also the most corrosion-resistant metal. Iridium is a face-centered cubic structure in 
platinum group metals, but it is a special case in face-centered cubic metals, which shows a brittle fracture 
model[3]. The keys of the research in iridium alloys are how to reduce the brittleness of iridium and 
improve high-temperature strengthˈand to explore new technologies for hardening. So farˈthere are 
many researches in this area and three skills for toughening technologiesˈ namelyˈ solid-solution 
hardening, precipitation hardening and grain boundary hardening. In order to resolve the brittleness of Ir at 
room temperatureˈit is generated a solid solutions and formed the solid solution hardening by importing 
Nb to Ir in this paper. 
2. Theoretical methods 
This paper used the plane wave pseudopotential density functional theory method, Using the CASTEP 
software study equilibrium lattice parameters, bulk modulus and elastic constants of cubic structure IrxNby. 
We used local density approximation (LDA) for the exchange-correlation function, the integral of the 
Brillouin zone using 3h3h3Monkhoust-Pack in the form of a special K-point method, plane wave cutoff 
of 380eV, and when the total energy difference less than 2.0h10 - 6eV/atom achieve convergence. It was 
calculated the lattice constant, bulk modulus, shear modulus and elastic constants of Ir31Nb, Ir30Nb2, Ir29Nb3, 
Ir28Nb4, Ir27Nb5 in this paperǄ   Fig.1 show the calculation model used in this article. 
 
     
   
Fig. 1 The calculation model of IrxNby (a)Ir31Nb (b)Ir30Nb2(c)Ir29Nb3(d)Ir28Nb4(e)Ir27Nb5 
3. Results and discussion 
Iridium is a fcc structure, space group 225 (Fm3m), from the phase diagram (Fig. 2), when the content of 
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Nb is less than 11at% IrxNby is the solid solution structure. The study researched by Y. Yamabe-Mitari [4] 
and et al shown that when the content of Nb is more than 15at%, the alloy will generate intermetallic 
compounds -Ir3Nb and occur precipitation hardening. It is discussed the structure of IrxNby solid solution in 
this paper. 
 
 
Fig.2 Ir-Nb phase diagram 
3.1. The calculation of elastic modulus 
After geometry optimization, the lattice constant of IrxNby steady-state structures are a=b=c=0.38312nm,
Į =ȕ =Ȗ =90e. For cubic crystals [5]WKHFU\VWDOV¶HODVWLFFRQVWDQWs are only three independent constants, 
that is C11, C12, C44. From these elastic constants can calculate bulk modulus B, shear modulus G. The 
results are tabulated in Table 3. These elastic constants satisfy the generalized elastic stability criteria for 
cubic crystals [6](C11 +2C12)/3 >0, C11-C12 > 0 and C44 >0. These conditions also lead to a restriction on the 
magnitude of B: C12 < B <C11. The bulk modulus Bˈshear modulus G and <RXQJ¶V PRGXOXV ( ZHUH
deduced according to the following formulae [7]: 
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Table 1 CASTEP calculated elastic constants, bulk modulus, shear modulus, elastic modulus, and G / B of IrxNby alloy 
 C11/GPa C12/GPa C44/GPa G/GPa B/GPa E/GPa G/B Nb at% 
Ir 730.877 272.911 329.884 228.983 425.566 718.267 0.679 0 
Ir31Nb 736.743 279.439 294.965 288.652 433.350 664.597 0.527 3.125 
Ir30Nb2 733.595 286.068 309.006 223.764 436.238 702.131 0.513 6.25 
Ir29Nb3 694.050 299.260 297.282 197.395 432.916 669.105 0.466 9.375 
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Ir28Nb4 693.518 300.723 288.534 196.397 440.401 660.034 0.446 12.5 
Ir27Nb5 686.427 314.987 297.021 185.720 422.878 664.509 0.419 15.625 
Pugh had put forward a prediction experience criterion for ductile and brittle materials, namely, It was 
determined that the material was ductile or brittle by the ratio of shear modulus G and bulk modulus B. If G 
/ B <0.57, materials show ductility; otherwise, it is brittle [8]. This criterion is widely applied to analysis 
the ductile and brittle of materials. It was shown that G/B decreases with the addition of Nb and G/B of all 
alloys were less than 0.57. So the ductility of Ir increases and the brittleness was significantly improved. 
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Fig. 3 Variation of G / B of IrxNby alloy with a different content of Nb 
3.2 Enthalpy of formation and binding energy calculations 
Application CASTEP software separately calculated binding energy and enthalpy of IrxNby, The results 
shown in Table 2. 
Binding energy (Ec) calculated using the following formula: 
1( )[ ( )]c tot Ir NbE E xE yEx y
  

                                        (1-4) 
Where (Etot) is the total energy of the cell , EIr, ENb are atomic total energy of Ir and Nb, x, y are the 
numbers of atoms in system EIr and ENb. 
Enthalpy of formation (Ef) calculated using the following formula: 
1( )[ ( )]f tot Ir NbE E xE yEx y
  

                                         (1-5) 
Where ( totE ) is the total energy of the cell , IrE , NbE are crystal total energy of Ir and Nb, x, y are the 
numbers of atoms in system IrE and NbE . 
Table2  Binding energy and enthalpy calculation results of IrxNby alloy 
 Ir Ir31Nb Ir30Nb2 Ir29Nb3 Ir28Nb4 Ir27Nb5 
Bonding energy(H9ÂDWRP-1) -10.933 -10.948 -11.005 -11.056 -11.111 -11.198 
Enthalpy (N-ÂPRO-1) -1010.503 -1007.127 -1011.756 -1015.807 -1020.147 -1027.765 
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Bonding energy of crystal can be defined as the energy was released by the combination of neutral 
atoms into the crystal, or the energy was dissipated by breaking up a crystal into neutral atoms, while the 
enthalpy of the material is an important criterion for judging whether it is stable. According to the table 2 
and figure 4, the order of binding energy is: 
Ir27Nb5> Ir28Nb4> Ir29Nb3> Ir30Nb2> Ir31Nb> Ir 
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Fig.4 Binding energy and enthalpy of IrxNby alloy 
The stability of alloys increased with the addition of Nb, but the gap is small and the absolute values of 
the binding energy of alloys are generally large, so that alloys are stable. The absolute enthalpy of pure Ir is 
larger than Ir31Nb comparing the enthalpy. It was indicated that the pure Ir has a strong forming ability. 
However, the absolute value of enthalpy gradually increased with the addition of Nb. So the forming ability 
of alloys gradually increased. 
4. Conclusion 
It was calculated the equilibrium lattice constant, bulk modulus, shear modulus and elastic constants of 
IrxNby by the theory of the plane wave pseudopotential density functional. It was formed the solid solution 
and had a function of strengthen. According to Pugh's experience criterion, it was shown that brittleness of 
Ir can be significantly improved by importing Nb through comparing the results of G/B that calculated by 
castep. It also was shown that all the alloys were stable and easily formed. 
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